. Venom protein composition for six Brazilian Micrurus species. Each venom was digested with trypsin and chymotrypsin, and cleaved with formic acid. Resulting peptides were identified and quantified with mass spectrometry. Qualitatively, mass spectrometry generally confirmed the presence of all but the most minor components in the transcriptomes. However, unlike our recent studies of Asian pitviper transcriptomes and proteomes, which showed strong quantitative correlations between transcriptome and proteome, with these Micrurus venoms, the correlation was poor. This was in large part due to the fact that owing to the rarity of Micrurus and the difficulty of extracting significant quantities of venom from them, glandular mRNA and venom samples were derived from different specimens. Two samples of M. surinamensis venom were examined from Belo Monte, Pará and Estreito, Maranhão. These two localities are separated by about 700 km. It is not clear how much to make of quantitative differences between them. Following rehydration in RNA Stable, RNA quality of total RNA samples was assessed using a 2100 Bioanalyzer (Agilent Technologies). In some cases, if RIN scores were poor, more than one sample of RNA from the same species was analyzed and the best sample was used. One sample for each of the six species was selected, based on RNA quality scores (Table S1 ). . 5'-Nucleotidases dephosphorylate purine mononucleotides so as to release free nucleosides (principally adenosine), which contribute to prey hypotension [46] . All eight Micrurus species examined to date have 5'-nucleotidases in their venoms. These are present at levels ranging from ~0-0.05% (Table S2 ). With 573-588 residues and no signal peptides, micrurine venom 5NUCs are slightly shorter than their crotalid counterparts. They bear two different C-termini, one 14 residues longer than the other. Interestingly, the longer variant also appears in 5NUCs of the pitvipers, Protobothrops elegans and Protobothrops flavoviridis [11] , and Gloydius brevicaudus [275] . Micrurine 5NUCS are structurally almost invariant, in addition to their close identity with the crotalid enzymes. Figure S4 . Micrurine acetylcholinesterases (AChEs) are modestly large proteins, containing approximately 585 amino acids. However, they are not expressed at biologically significant levels in Micrurus venoms, as they are in some Old World elapid taxa. The primary function of AChE in the venoms of those elapids that produce it, is presumably to starve neuromuscular junctions of transmitter, in concert with postsynaptic antagonists of nicotinic AChRs. Among the Micrurus transcriptomes, AChE is most abundant in M. l. lemniscatus venom, where AChE transcripts total only 0.05% of the transcriptome (Table S2 ). Micrurine AChEs are highly variable in primary structure. Some, such as M. s. spixii transcript DN97541_c0_g1_i1|m.57626, are predicted to have 29-residue signal peptides, while others, such as M. tener AChE (JAS05178.1), are expected to have signal peptides of only 23 residues, with shorter N-termini. Figure S5 . Aminopeptidase A (APA) converts kallidin to bradykinin [82, 276] , a potent inducer of hypotension. All of the transcriptomes except that of M. surinamensis had an APA sequence. The Micrurus sequences comprise 958 residues and are largely identical to the APA from Gloydius brevicaudus [277] . Micrurus s. spixii had the highest APA transcript abundance, but that constituted only 0.09% of the transcriptome (Table S2 ). Figure S6 . Like APA, Aminopeptidase N (APN) also converts kallidin to bradykinin [82, 276] . All of our transcriptomes except for that of M. paraensis contained an APN transcript, as did that of M. fulvius. All were also incomplete, but were nearly identical to the M. fulvius sequence insofar as comparisons could be made. Micrurus sequences were also very similar to the Gloydius brevicaudus sequence (BAG82599.1; Yuko Ogawa and Ryohei Yanoshita, 2007, unpublished) . Among micrurine APNs, that of M. surinamensis was the most abundant at 0.01% of its transcriptome (Table S2 ). (Table S2 ). Figure S9 . Micrurine CRISP-EGFs appear to comprise three protein subclasses, one of which includes CRISP-EGF transcripts from Micrurus fulvius and crotalid venoms and from colubrid tissues. This first subclass has 28-residue signal peptides. The second and third subclasses consist only of micrurine sequences from the present study. The second subclass is most closely related to an uncharacterized protein from the Protobothrops mucrosquamatus genome and a CRISP with an EGF domain from the Thamnophis sirtalis genome. Both of these proteins exceed 960 amino acids. The third subclass is represented only by two pairs of incomplete sequences, both of which appear related to fibulins. All four of these are expressed at trace levels (<0.0002%); thus, they may be contaminating tissue proteins. Figure S10 . Cystatins have not been reported previously as snake venom constituents and we make no claim that they are. However, they are present in the Micrurus venoms examined here, although in only trace quantities (0-0.02% of the transcriptomes). Micrurine cystatins possess 24-residue signal peptides and have their Cys residues in the same positions as mammalian cystatins, with which they share only 45-55% of their amino acids. However, it appears that they probably are secreted proteins. Figure S16. Four Micrurus species possess long KSPIs (232 residues) that appear to have arisen through gene duplication of a short KSPI, with the duplicated portion being grafted onto the C-terminus of a short KSPI. The long KSPIs have 13 Cys residues, but the disulfide pattern is unknown; however, the second group of six cysteines has the same spacing as the first six (See also Figure S15 ). In this figure, the C-terminal half of the sequences has been cut and re-aligned with the N-terminal half to illustrate the Cys pattern match. . Micrurine nerve growth factor (NGF) transcripts encode 227 amino acids plus 18-residue signal peptides. They are highly similar sequences, displaying numerous blocks of invariant residues. Most variable positions show specific sets of substitutions, synonymous and non-synonymous, that occur without regard to species. The only strongly divergent sequences include a set of six transcripts from M. l. lemniscatus, which vary at numerous positions. Another group of four transcripts from M. l. lemniscatus and M. corallinus are also significantly different from all others; however, the significance of these variations, if any, is unknown. Figure S21 . All of the Micrurus venoms investigated here apparently have a single phosphodiesterase gene, except for M. surinamensis, which barring a transcript misassembly, may have two. The transcript in question shows an inserted glycine at position 700, and a glutamate residue at position 698, where all other sequences have leucine. Signal P predicts signal peptides of 18 residues, but they are probably actually 22 residues long, given the unbroken 14-residue run of aliphatic amino acids. PDE sequences are highly conserved, given the similarity of Micrurus sequences to Protobothrops sequences (Old World crotalids). PDEs are expressed at trace levels in five of the Micrurus species and at 0.02% in M. corallinus Figure S22 . Structures of micrurine phospholipases A2, illustrating their great structural diversity. Of 244 PLA2s with partial or complete structures, 202 are apparently catalytic, having the requisite H48, D49, Y52, and D101 in their active sites. The remaining 42 are apparently non-catalytic. Positions indicated in red across the bottom designate residues involved in Ca 2+ -binding [187] . Positions indicated in blue are catalytic residues. The anticoagulant site [188] and the neurotoxic hydrophobic region [189, 190] are indicated by purple and green bars, respectively. Residues proposed by to be involved in myotoxicity of elapid PLA2s are indicated below with black cells. Residues participating in the hydrophobic channel, via which substrate enters the catalytic site are indicated in gray [191] . PLA2s from the two North American species, M. fulvius and M. tener, form a structural cluster that is relatively distinctive from the much more variable South American sequences, which probably also represent much greater pharmacological diversity. Signal predicted signal peptides of 21 residues; however, elapid PLA2s sequenced by Edman degradation commence with residue 28, confirming that the signal peptides are actually 27 residues in length. Numbers of cysteine residues are given for sequences that are complete. Numbers of cysteines in parentheses are for sequences truncated at the N-terminal end, for which the cysteines can be reliably predicted, owing to the relative invariability of the N-termini. Asterisks indicate stop codons Figure S23 . A phospholipase B (PLB) transcript was found in each of the six Micrurus species examined. PLB is believed to contribute to envenomation by hydrolyzing membrane phospholipids [282] . The functional significance of this truncation is unknown. The loss of the C-terminal 24 residues suggests that that these have become pseudogenes, since the next 17 residues after the stop codon are the same as in full-length RNAse transcripts. However, we cannot exclude the possibility that these apparently dysfunctional enzymes have adopted another function instead. Figure S25 . A single serine protease transcript of 265 residues was found in each of the six Micrurus venoms examined in the present study. The signal peptide accounts for the first 18 residues. Except for their signal peptides, these protease sequences align well with the transcripts published from M. tener venom. Two serine protease transcripts from the transcriptome of M. fulvius do not appear closely related to the other seven. Given the great similarity of the micrurine serine proteases presented here, the M. fulvius sequences may represent contaminating blood or tissue serine proteases. The functions of micrurine serine proteases are unknown. . Short VEGFs (VEGF-Fs) are conservative in amino acid composition, but display at least three major structural variants. Position 142 may be N or K, or missing altogether in one transcript from M. corallinus. Toxins with K142 then have an extremely basic 24-residue insert, with 14 K or R residues from positions 142-162. The majority of VEGF-Fs have a hydrophilic 25-residue C-terminal sequence, commencing with a short hydrophobic segment, YLHLL. However, three toxins terminate with a short hydrophilic sequence, CEKPRR. It is unclear whether sequences 9-13 are truncated or complete sequences. VEGF-Fs were present in all six of our transcriptomes. They have 26-residue signal peptides (vertical black line). Figure S29 . Ohanin, the first known vespryn, which was isolated from the venom of the king cobra (Ophiophagus hannah), produces hypolocomotion and hyperalgesia in mice [244] . Its effects in snakes may be similar, but at present, no pharmacological data are available. All six Brazilian Micrurus venoms possessed single vespryn sequences, except for the venoms of M. paraensis and M. l. carvalhoi, in which there were two. Micrurus vespryns are nearly identical to ohanin and display limited sequence variation. Micrurine vespryn transcripts comprise 190 residues and lack signal peptides. Vespryns appear at trace levels in most of the venoms examined here, although they comprised 0.22% of the M. s. spixii transcriptome and 1.66% in M. corallinus. Figure S30 . Micrurine waprin-like sequences are more similar to opisthoglyph colubrid and crotalid waprin-like sequences than to those of Old World elapids. Waprinlike sequences have been reported from all Micrurus venoms except that of M. fulvius. Colubrid and crotalid waprin-like proteins have 23-residue signal peptides (left of vertical black line). None of our sequences have complete signal peptides and the sequence from M. tener is so different at the N-terminus that no definite conclusions can be drawn regarding it length in Micrurus. However, it appears that all micrurine waprin-like sequences have an N-terminal Q, as in the colubrid and crotalid sequences.
